During an outbreak of classical swine fever (hog cholera) or African swine fever, 
Introduction
Classical swine fever (CSF) and African swine fever (ASF) are contagious viral diseases which have the potential to cause extensive economic losses in commercial pig production (11, 19) . Both diseases are included in List A of the Office International des Epizooties (OIE). In 1997, the OIE published reports of CSF outbreaks in 11 countries (Europe: 5; Asia: 1; Central and South America and the Caribbean: 5) in World Animal Health in 1997 (10) , and ASF outbreaks in four countries in Africa and one in Europe. Those CSF outbreaks in Europe, which occurred in regions with high pig densities, seriously disrupted pork production and trade in the affected regions. Vanthemsche (20) analysed the 1993-1994 outbreak of CSF which occurred in Belgium and concluded that an outbreak in a medium-or high-density area is extremely difficult to manage and is likely to last for up to several months. Obviously, an epidemic of this scale has severe direct and indirect economic consequences, of which the actual costs for the eradication of the disease will probably represent only a modest proportion (20) . Drastic measures including a compulsory stamping-out strategy, where the entire stock of an infected farm is destroyed, are required under European law (Directive 80/217/EEC) (1) . Losing all stock, particularly breeding stock, is a tragedy for the individual farmer. The media and the public in general will watch closely how the epidemic is addressed and whether the 'right' decisions are being made.
Ideally, each decision made during an outbreak should reflect an informed choice among several options. The choice should be based on evidence, using all available information on the epidemiology of the disease and the current stage of the epidemic. However, it may be difficult to comply with this principle during an epidemic due to the reasons given below (8) .
-The quantity of data which accumulates during an epidemic is considerable and, if the epidemic escalates, can become overwhelming. If data are only available in paper EpiMAN-SF: a decision-support system for managing swine fever epidemics K.D.C. Stärk (1), R.S. Morris (2) , H.J. Benard (3) & M.W. Stern (2) (1) -Field personnel may not be familiar with exotic diseases that have never occurred in the country, or have not occurred for a considerable time. This may make it difficult for them to take appropriate decisions in an emergency situation.
To address these problems, the decision-support system EpiMAN-SF was developed, combining electronic data management with expert system components, to help with risk classification of traces, for example (Fig. 1) . The aim of the expert system is to compensate for the lack of human expertise and to support standardised decision-making. 
Components of EpiMAN-SF
Textual and spatial data are obtained from external databases and recording forms during an outbreak. Data are stored in a central database and processed by an expert system and epidemiological analysis tools. The results are available for further analysis, as reports and maps
The name 'EpiMAN-SF' stands for Epidemiological information MANagement for Swine Fever. The system was initially designed for the control of vesicular diseases (EpiMAN-FMD) (12) , but has since been adapted to deal with other diseases, for example, tuberculosis (7) . This paper describes EpiMAN-SF, a new product in the EpiMAN suite, which is designed to deal with classical and African swine fever.
Design of EpiMAN-SF
The design of EpiMAN-SF is based on the logic of managing an outbreak of an exotic disease. A series of tasks have been identified as being essential elements of an emergency disease response (Table I) . These tasks are not related to the specific disease agent under consideration, but are general components of a strategy to control an outbreak of an infectious disease. Currently, the strategy used by EpiMAN-SF is based on the European Union Directive for the control of classical swine fever (1) . In all tasks, the farm is the basic unit of reference, and most information entities are ultimately linked to a farm. In a real outbreak, specialists would be responsible for performing each of these tasks, but one person would probably not be involved in more than one or two tasks simultaneously. Therefore, EpiMAN-SF consists of a series of modules. Each module allows the central database to be accessed and used in a specific way for each task (Table I) .
In this way, although each user works with the same database, he/she 'sees' only a selected proportion of all data in a customised display. This structure also allows the application of well-defined access restrictions to prevent users from changing data without permission.
EpiMAN-SF is also based on the assumption that in an outbreak situation an emergency headquarters is set up somewhere in the affected area. However, as not all users are likely to be based at the headquarters, remote access to the system needs to be provided for users in diverse physical locations. EpiMAN-SF is therefore designed to be a mobile system with strong networking capabilities. Technically, the system can be run on a stand-alone personal computer, or by using client-server architecture (Fig. 2) .
Principles of data recording and data management with EpiMAN-SF

Farm data
Farm data consists of two categories of data, namely: data not related to the emergency (such as farm location, ownership and livestock numbers), and data specific to the emergency (for example, farm infection status and data from epidemiological investigations). The first category of data is typically stored in national farm databases which EpiMAN-SF can access. Alternatively, farm data can also be entered as the epidemic develops.
The emergency-specific data is entered continuously during the epidemic. All data are associated with individual farms. The system expects specific data to be entered according to the infection status of a farm. Possible categories of infection status are outlined below in a state-transition flow chart (Fig. 3) . Initially, all farms are in the 'nil risk' category. After the first outbreak farm has been identified, some farms will become 'at risk' due to the occurrence of 'episodes'. An episode is a significant event occurring during an epidemic, associated with the potential introduction of the virus onto a farm. Possible episodes include:
-'tracing event' (animal, people, semen or vehicle contact)
-'swill feeding'
-'contiguous property'
-'location in protection zone' Local area network 
Tracing data
The single most important activity in controlling a swine fever After classification, contacts can be ranked and those carrying most risk are processed first. The number of contacts a farm has experienced is also taken into account; a series of medium-risk contacts, for example, can become more important than one high-risk contact (14) . If a confirmed contact has linked the RP to another pig farm, this creates an episode for the second farm, which is automatically listed to be visited.
Control and surveillance data
Once an IP has been identified, two types of restriction zone are declared: a protection zone (all farms within a radius of at least 3 km of the IP) and a surveillance zone (radius of at least 10 km). All farms in the protection zone are automatically placed 'at risk'. These farms are visited in accordance with a protocol specified at the beginning of the outbreak. All livestock movements are prohibited on and off these farms (stand-still). Within the protection zone, the neighbouring pig farms around each-IP are flagged, as these are classified as very high risk properties and may be declared SPs. If pre-emptive slaughter is applied, these farms can be considered first. In the surveillance zone, farms are also visited in accordance with the protocol, and livestock movements are restricted.
The boundaries of the restricted zones will normally follow either administrative boundaries (e.g. municipality) or natural boundaries (e.g. river). The user can edit the boundaries using a digitising tablet or on-screen digitising. EpiMAN-SF identifies all farms within the restricted zones immediately after an IP is declared. The number of farms and pig numbers are extracted and stored, and the total number of pigs on these farms calculated. Maps displaying IPs, restriction zones, abattoirs and rendering plants can be plotted.
As part of swine fever control and surveillance activities, farms are visited, and clinical and laboratory investigations performed, in accordance with a protocol specified by the emergency headquarters. Directive 80/217/EEC, for example, requests a series of visits and activities to be performed, some of which are listed in Table II (1). EpiMAN-SF supports this task by scheduling visits and assigning field teams, printing questionnaires for farm visits and laboratory submission forms, and recording and storing visit-and laboratory-related data.
Data analysis with EpiMAN-SF
The 'epidemiologist's workbench'
A set of tools is made available to analyse the data as the epidemic develops. These tools include graphic display of an epidemic network, epidemic curves, estimation of disease dissemination rate, proportion of farms infected by the different episode types, and survival analysis, all of which can be accessed from the 'epidemiologist's workbench' module in EpiMAN-SF. With these techniques, the dynamics of the outbreak can be described and the effectiveness of the current control strategy can be monitored. As the most recent data available is used, timely and accurate decision support can be provided. The results of these analyses are also useful for documentation purposes, and for justifying why a specific decision was made at a particular time. contact-related spread, local spread and spread by rendering 
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Validation
Validation is an important step in developing a decision-support system. The objective is to check the validity of results, and thus enhance user acceptance and confidence (3). In EpiMAN-SF two elements in particular require thorough validation: the expert system components and the simulation model INTERSPREAD-SF.
In order to validate the reasoning process used by the expert system, the resulting contact and farm classifications were (14), and that the analysis of different control scenarios provides detailed information on the consequences of specific control strategies. If combined with an economic model,
INTERSPREAD-SF will be a very powerful tool for supporting swine fever control.
Discussion
Advantages of integrated decision-support systems
The advantages of using integrated decision-support systems such as EpiMAN-SF, compared to traditional paper-based systems or partially computer-based systems are numerous In recent CSF outbreaks in Europe, great care was taken to provide thorough documentation of the epidemic. For this reason, detailed information regarding epidemiological investigations and laboratory analyses was collected.
However, as the analysis of these data has a comparatively low priority during the control phase of the epidemic, the data are not always entered consistently, if at all. Consequently, at the moment the data are entered, they are of only limited value for decision-making, and much of the effort is in vain as far as controlling the particular epidemic is concerned. EpiMAN-SF requires data to be entered systematically and promptly so that information can be used immediately. This makes data collection much more efficient. The fact that all episodes are recorded, and not just those resulting in infection, makes it possible to calculate true infection rates and probabilities.
Adaptation of EpiMAN-SF to country-specific parameters
The control of exotic diseases in a country relies on the veterinary infrastructure, the contingency plan and the related legislation. Any computer-based disease control system must also take these parameters into account, and must respect the specific organisational structures for disease control in a particular country. This means that EpiMAN-SF cannot necessarily be readily used in countries with different disease control principles, without certain modifications being made.
A series of adaptations of the system will always be necessary.
The paragraphs which follow list some points to be considered.
National farm database
The development of a suitable national database is likely to be time-consuming. The work required to solve technical problems as well as data confidentiality issues should not be underestimated (4, 13) .
Spatial data
The availability of geo-referenced farm locations is still limited in many countries. If such information is available, technical issues have to resolved, as discussed by Nielen et al. (9) .
Disease control strategy
Most countries in which CSF does not occur endemically are currently applying the stamping-out strategy. However, descriptions of how the stamping-out is performed, how large the control zones are, and what additional strategies are used may differ considerably.
Sampling protocols and visit scheduling
The sampling protocol can also differ considerably between countries. For example, European Union legislation defines a minimum protocol for farm visits (1), but when an outbreak occurs in one of the member countries additional specifications are likely to be defined, EpiMAN-SF is specifically designed to be able to incorporate these country-specific requirements. By keeping sampling specifications separate, the laboratory and surveillance management module can be kept generic, and thus flexible.
Additional outbreak specifications, such as the current control measures and information on the virus strain, can be modified interactively using a special screen in EpiMAN-SF. Access to this screen, however, is restricted to the head of the emergency headquarters.
If a country decides to adapt EpiMAN-SF, the process of reviewing the current contingency plan and organisational structures needs to be initiated. A way to harmonise the current situation with the EpiMAN-SF structure needs to be found. Disease control officers at all levels in the hierarchy should be involved in this process.
However, after EpiMAN-SF has been adapted, drastic changes in control procedures during an epidemic may require additional changes in data handling. For example, in an outbreak which occurred in Germany between 1993 and 1996, a large number of changes were made to both federal and European Union legislation during the outbreak (17) .
Strong computer support is required to keep the system flexible enough to deal with this challenging situation.
Finally, it is important to note that the emphasis of EpiMAN-SF as a decision-support system is clearly on supporting the decision-making process and not on actually making the decision. It follows that such systems are designed to extend the capabilities of the decision-maker and not to replace them. All processes remain user-initiated and user-controlled.
The success of an information system does not depend on methodological factors alone; the political and administrative context also has to be taken into account (6) 
Resumen
Cuando se declara un brote de peste porcina clásica o de peste porcina africana, los responsables de la situación de emergencia deben tomar sus decisiones dentro de un contexto de urgencia extrema, pocos recursos y gran incertidumbre. El programa computarizado EpiMAN-SF ha sido concebido para apoyar las decisiones en tales situaciones, mediante datos actualizados y un enfoque estructurado que permite escoger entre varias acciones de misma índole combinando el manejo electrónico de datos con componentes de un sistema experto. EpiMAN-SF brinda resúmenes exactos y rápidos de la epidemia en forma textual y gráfica. Por añadidura, brinda herramientas para el análisis epidemiológico de la emergencia y sus previsiones, y para la evaluación de las estrategias de control que se están aplicando y de sus alternativas. El sistema experto y los modelos de simulación integrados al programa fueron evaluados mediante análisis de sensibilidad y datos cronológicos sobre los focos, y también se consultó la opinión de expertos. Se concluyó que EpiMAN-SF puede servir de alternativa al manejo tradicional de datos en caso de aparición de enfermedades epidémicas exóticas.
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